Extubation failure significantly increases duration of mechanical ventilation and ICU length of stay with increased risk of mortality. So validating certain parameters to predict extubation outcome and avoid extubation failure is necessary. This study aimed at assessing the usefulness of the dead space addition (DSA) test and swallowing evaluation in predicting extubation outcome in mechanically ventilated patients with chronic obstructive pulmonary disease (COPD).
Introduction
Extubation failure significantly increases duration of mechanical ventilation and ICU length of stay with increased risk of mortality. So validating certain parameters to predict extubation outcome and avoid extubation failure is necessary. This study aimed at assessing the usefulness of the dead space addition (DSA) test and swallowing evaluation in predicting extubation outcome in mechanically ventilated patients with chronic obstructive pulmonary disease (COPD).
Patients and methods
Invasively mechanically ventilated patients with COPD considered as candidates for extubation were enrolled and subjected to simplified acute physiology score II calculation, assessment of cough strength, endotracheal secretions quantity, delirium, cuff-leak test, DSA test, and swallowing before extubation. Results A total of 90 patients with mean age of 62.26±7.01 years were enrolled. Overall, 76.9% of patients who failed the DSA test compared with 20.8% of those who accomplished it had failed extubation, and 57.1% of patients with defective swallowing compared with 10.9% of those with efficient swallowing had failed extubation, with a highly significant association between extubation outcome and both DSA fate and swallowing efficiency. Sensitivity, specificity, positive predictive value, and negative predictive value for DSA test were 38.5, 95.3, 76.9, and 79.2%, respectively, and for swallowing were 76.9, 76.6, 57.1, and 89.1%, respectively. An increase of simplified acute physiology score II by one unit increases extubation failure 1.25 times. Moreover, patients who tolerated DSA test whereas had defective swallowing had a likelihood of extubation failure 10 times. Conclusion DSA can predict extubation success and failure by the same power, but swallowing assessment can predict extubation success more than failure. Combined DSA intolerance and defective swallowing increase the prediction of extubation failure by Introduction Acute exacerbation of chronic obstructive pulmonary disease (COPD) is a common cause of COPD-related mortality [1] [2] [3] in which invasive ventilation is essential to treat acute respiratory failure. In such cases, strategies should be considered to liberate patient from mechanical ventilation (MV) successfully as soon as possible to avoid prolonged ventilation and subesquent complications [4] . Extubation, which is the removal of the artificial airway, is usually planned by the intensivists [5] and should be done to those who first fulfilled the parameters of weaning and then passed the 2-h spontaneous breathing trial (SBT) successfully [6, 7] . It was reported that the traditional weaning parameters could not predict extubation outcome [8] and up to 25% of patients who successfully weaned failed extubation trial and require reintubation [9, 10] .
After extubation, respiratory complications are three times more common than those occurring during intubation (12.6 vs. 4.6%) [11] . Extubation failure and subsequent reintubation not only increase duration of MV but also ICU and hospital length of stay with increased risk for acquiring nosocomial pneumonia up to 47% and mortality that vary between 30 and 40% [7, 12] . So validating certain parameters to predict extubation outcome and avoid extubation failure is necessary.
Extubation failure can be caused by upper airway obstruction that evolve to narrowed respiratory passages or inability to deal with airway secretions ending in aspiration and failed extubation especially if intubation is prolonged [13] . Swallowing is usually assessed after airway decannulation, which needs patient transportation and complicated intervention, so Colonel et al. [14] used an easy bedside test for evaluation of swallowing function before extubation. Moreover, Solsona et al. [15] hypothesized that adding an additional burden (dead space volume of 100 cm 3 ) to the artificial airway after successful 2 h SBT may reduce extubation failure by predicting patients who will require reintubation.
The current study aimed at assessing the usefulness of dead space addition (DSA) and swallowing evaluation in predicting extubation outcome in mechanically ventilated patients with COPD.
This study was conducted in the respiratory ICU, Chest Department, Zagazig University Hospitals, during the period from November 2016 to October 2017. The study was approved by faculty of medicine, Zagazig University Ethics Committee.
Type of the study
A prospective cross-sectional study was conducted.
Inclusion criteria
Inclusion criteria were as follows (1) Invasively mechanically ventilated patients with COPD (on synchronized intermittent mandatory ventilation mode), diagnosed as having COPD by history, clinical examination with compatible physical finding, evidence of radiological signs of hyperinflation with forced expiratory volume in 1 s/forced vital capacity ratio less than 0.7 confirms airflow limitations in addition to poor bronchodilator reversibility in pre-existing spirometric pulmonary function, done according to Global Initiative for Chronic Obstructive Lung Disease guidelines 2016 [16] . (2) Patients fulfilling weaning criteria according to Boles et al. [17] and passed 2-h SBT successfully and considered candidate for extubation.
Exclusion criteria
The exclusion criteria were as follows:
(1) Patients with tracheostomies.
(2) Previous swallowing disorders.
(3) Ventilator-dependant patient.
Study design and settings
All studied patients were subjected to the followings:
(1) Detailed medical history.
(2) General and local chest clinical examination.
(3) Plain chest radiography.
(4) Analysis of arterial blood gases.
(5) Calculation of simplified acute physiology score II (SAPS II) on admission [18] . (6) Assessment of cough strength and endotracheal secretions quantity before extubation [19, 20] . According to the frequency of suctioning, patients requiring suctioning more than 2-h interval were graded as mild, and those requiring suctioning less than 1 h interval were graded abundant. The scale of cough strength used was as follows: grade 0 no cough on command, grade 1 just audible air through the artificial airway, grade 2 audible but weak cough, grade 3 clear cough, grade 4 stronger cough, and grade 5 multiple sequential strong cough. Weak cough was reported if graded 0-2. (7) Detection of delirium by confusion assessment method before extubation [21] . This requires the presence of features 1 and 2 and either 3 or 4: (a) Feature 1: an acute change in mentality that tend to come and go, or changed in severity during the day. 
Cuff-leak test: it was used measurement of cuffleak volume by recording the difference between the inspiratory tidal volume and the expiratory tidal volume while the cuff around the endotracheal tube was deflated (three values of six consecutive breaths were averaged). A cuffleak volume less than 110 ml carries a high risk of postextubation stridor and laryngeal edema [22] . (9) Performing the DSA test [15] : adding a tube with 100-ml internal volume between the endotracheal tube and T-piece to create a burden of increased dead space to patients supposed to be candidates for extubation. Patients were observed for any sign of distress [respiratory frequency >35 breaths/min with use of accessory muscles, thoracoabdominal paradox, O 2 saturation less than 90% (on FiO 2 0.4), persistent tachycardia >130 beats/min, systolic blood pressure less than 90 mmHg or >180 mmHg, significant shortness of breath or agitation, or depressed mentality] for a period of 30 min. Extubation was done if patients succeeded the test. The test was interrupted immediately if patients experienced any sign of distress, and patients were reconnected with an assisted MV for 6 h to recover from any respiratory muscle fatigue and then patients underwent a new SBT before extubation. (10) Evaluation of swallowing efficiency [14] . Patients were considered as having efficient swallowing if had both completed swallowing motor activity and passed all motility criteria successfully. The motor swallowing activity was assessed, including pharyngolaryngotracheal axis elevation, anterior movement of the hyoid bone and larynx, and the sound of pressure the bolus propelled down the esophagus.
Motility score (holding the head up, opening the mouth, pursing the lips, gritting the teeth, and sticking the tongue out over the lower teeth) was scored 2 if the patients were able to do a motor response and 1 if cannot.
Follow-up of the patients for 48 h after extubation
Criteria of reintubation were as follows (just one) [23] :
(1) Severe hemodynamic compromise that needed vasoactive drugs. (2) Respiratory distress with a respiratory rate greater than 40 breaths/min. After extubation, patients were classified into two groups: group I − extubation failure and group II − extubation success.
Extubation failure was defined as the need for reintubation or noninvasive MV within 48 h of extubation [24] .
Statistical analysis
All statistics were performed using SPSS 22.0 for windows (SPSS Inc., Chicago, Illinois, USA) and MedCalc windows (MedCalc Software bvba 13; Ostend, Belgium).
Results
A total of 90 mechanically ventilated patients with acute exacerbation of COPD who tolerated 2 h SBT were enrolled to the study with mean age of 62.26±7.01 years and mean duration of MV 4.36±1.53 days. Overall, 54.4% of the patients in the study population were male, 24.4% were previously mechanically ventilated, and 26 (28.9%) of 90 failed extubation. Table 1 showed that 76.9% of patients who could not tolerate the DSA test compared with 20.8% of those who accomplished it had failed extubation and 57.1% of patients with incomplete swallowing act compared with 10.9% of those with complete swallowing had failed extubation, with a highly significant statistical association between extubation outcome and both DSA fate and swallowing efficiency (P<0.001). However, no significant statistical influence was observed on extubation outcome regarding age, sex distribution, being previously mechanically ventilated, duration of the current MV, cough strength, amount of endotracheal secretions, delirium, and cuff-leak volume.
Validity of DSA test and swallowing evaluation is shown in Table 2 , with sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy were 38.5, 95.3, 76.9,79.2, and 78.9%, respectively, and 76.9, 76.6, 57.1, 89.1, and 76.7%, respectively.
Multivariate logistic regression of potential predictors of extubation failure was shown in Table 3 and identified three independent predictors. An increase of SAPS II score by one unit increases extubation failure by 1.25 times. Moreover, patients who tolerated DSA test whereas had defective swallowing had a likelihood of extubation failure 10 times, and finally, combined DSA intolerance and defective swallowing increase extubation failure 31 times.
Discussion
The dilemma of liberating patients from MV continues to attract attention. The discontinuation had two different stages: weaning (patient is not in need for the machine) and extubation (patient is not in need for an artificial airway) [25] . Unfortunately, when postextubation respiratory failure occurs, no benefit of noninvasive ventilation is seen, which may be deleterious [26] , as it is associated with increased ICU mortality [27] . Predictors of weaning have not been efficient in predicting fate of extubation [28] . It is expected as causes of extubation failure usually away from that of weaning failure [29] . After discontinuation, augmentation of the elastic and resistive loads takes place, which becomes more evident in patients with co-existing pulmonary disease [30] . Spontaneous breathing may create a wide change in intrathoracic pressure that overcomes the circulation and in turn adds a respiratory load explaining the rapid deterioration that may happen after discontinuation [31] .
Solsona et al. [15] hypothesized that by adding an extra burden i.e., DSA test, to that of spontaneous breathing can predict patients at risk of reintubation. Evaluation of swallowing before extubation was reported to be useful by Colonel et al. [14] in predicting extubation failure.
This work aimed at assessing the usefulness of DSA test and swallowing evaluation in predicting extubation outcome in mechanically ventilated patients with COPD.
Both groups were compared according to certain predictors supposed to affect extubation outcome as shown in .3% of patients who were previously mechanically ventilated compared with 29.4% of who were not had failed extubation without any significant difference (P=1.000). Factors supposed to affect the outcome of extubation were reported in many studies [19, 32, 33 ].
In the current study, factors affecting airway protection and patency were taken into consideration. Cough strength, amount of endotracheal secretions, and mentality state did not influence the extubation outcome. Extubation failure occurred in 38.9% of patients with weak cough reflex (grade 0-2) and 28.6% of patients with moderate-to-abundant endotracheal secretions versus 26.4% of those with good cough reflex (grade 3 and more) and 29% of patients with mild amount of secretions, which is still away from an accepted level of significance (P=0.6, 0.9, respectively). Similarly the triad of cough strength, magnitude of airway secretions, consciousness, or patient cooperation was not connected with extubation outcome in Frutos-Vivar et al. [34] .
Moreover, Saugel et al. [35] reported that reintubation was not significantly associated with degree of cough (P=0.430; extubation success: strong cough strength in 61% of patients, and extubation failure: strong cough strength in 43% of patients), or amount of airway secretions (P? 0.999; successful extubation: heavy secretions in 31% of patients and failed: heavy secretions in 29% of patients).
On the contrary, Khamies et al. [19] considered adequacy of cough reflex and nonabundant endotracheal tube secretions as a predictor of extubation in which patients with weak cough were four times liable to unsuccessful extubation and patients with moderate-to-abundant secretions were more than eight times as likely to have unsuccessful extubation, but they studied critically ill patients with different medical diseases. Moreover, in their study, neither the decision to extubate nor the decision to reintubate was protocolized and those decisions were taken by the caring physicians. However, in the present study, only patients with COPD were recruited and the decision to extubate was protocolized.
Delirium is a frequent ICU event and may lead to failed extubation through alteration of mental state, agitation and subsequent sedation, aspiration, and noncompliance to noninvasive ventilation and other medications [36] .
Hypoactive subtype of delirium is characterized by inattention and decreased mental and physical activity. Such changes in mental status can lead to adverse outcomes such as weaning failure and subsequent reintubation [37] .
However, in this work, 33.3% of patients with delirium (assessed by CAM) had a failed trial of extubation compared with 28.6% of those without delirium in a nonsignificant manner (P=1.000), which was in accordance with Thille et al. [23] who found that in patients with delirium, reintubation occurred in 22% of them, which was not significantly associated with extubation failure.
In the current study, there was no statistical significance difference between both extubation failure and extubation success groups regarding the mean cuff-leak volume (P=0.4). Miller and Cole [22] used 'quantitative cuff-leak test' and they stated that a volume of less than 110 ml predicted a high risk of postextubation laryngeal edema and stridor but cannot predict the need for reintubation [38] .
When taking the severity of illness into mind, the SAPS II score among both groups was assessed and revealed a high statistical significant increase in SAPAS II score in group I than group II when assessed on admission, (24.77±3.86 vs. 20.11±5.53, P=0.001) denoting the influence of severity of the primary illness on extubation outcome. Similarly, Miu et al. [39] found that the mean SAPS II score was 38±15 and 44±16, in the not reintubated and reintubated groups, respectively (P<0.01), and participants who required reintubation any time during their ICU or hospital stay tended to be older and had a higher mean SAPS II. This can be explained by: the ability to tolerate the excess load by lengthen the dead space, might theoretically reflect the efficiency of the muscle reserve state and its ability to maintain breathing efforts for a longer time to pass extubation successfully [15] .
Efficiency of swallowing and effect on extubation elucidated that failed extubation occurred in 57.1% of patients with incomplete swallowing and 10.9% of those with complete efficient swallowing. In the same way, 89.1% with complete efficient swallowing had succeeded extubation compared with 42.9% of those with incomplete swallowing, with highly significant statistical association between swallowing dysfunction and extubation failure (P<0.001). This is in harmony with Colonel et al. [14] who reported among nine unsuccessful extubations, seven patients had incomplete swallowing with highly statistical association (P=0.005).
Swallowing dysfunction (specifically after prolonged intubation) and subsequent aspiration is not uncommon and linked with nearly 15% of unsuccessful extubation cases [13] . The incidence of defective swallowing is underestimated, mainly among patients whose intubation exceeds 48 h [40] .
On the contrary, Saugel et al. [35] found that the need for reintubation was not significantly associated with the swallowing state (P>0.999; successful extubation: adequate swallowing reflex in 74% of patients; failed extubation: adequate swallowing reflex in 71% of patients), and this discrepancy is owing to the fact that the latter study was a retrospective study with a small number of patients, mainly patients with extubation failure (only seven patients). Moreover, Colonel et al. [14] found that motility score and swallowing were independent predictors of extubation failure (AURC was 80%, sensitivity was 56%, and specificity was 98%).
Multivariate logistic regression of potential predictors of extubation failure revealed that elevated SAPS II score and either defective swallowing or combined with DSA intolerance were three independent predictors of extubation failure. An increase of SAPS II score by one unit increases extubation failure by 1.25 times. Moreover, patient tolerated DSA test but had defective swallowing had a likelihood of extubation failure 10 times, and finally, combined DSA intolerance and defective swallowing increase extubation failure by 31 times.
Similarly, Colonel et al. [14] stated that the tests for cervical motility and swallowing were independent predictors of reintubation. Moreover, Miu et al. [39] reported that higher SAPS II on admission, lower oxygenation, and heavy secretions (either suctioning frequency or amount of secretions in 1 day) were independent predictors of the need for reintubation within 24 h.
Other studies did not assess DSA test or swallowing as predictors of extubation failure. Khamies et al. [19] in their study revealed that cough strength, amount of secretions, and hemoglobin level were independent predictors of extubation outcome.
Cheng et al. [41] highlighted age as an independent predictor of failed extubation using multivariate analyses (odds ratio: 2.16; P<0.001), besides being a medical case.
Ismaeil et al. [20] in the study (unplanned vs. planned extubation in respiratory intensive care unit, predictors of outcome) using multiple regression analysis to assess predictors of planned extubation failure had isolated three significant independent predictive parameters that add significance to the model: minute ventilation recovery time greater than 6.5 min, cough strength less than or equal to 2, and moderate and large amount of E/T secretions (P=0.000, 0.018, and 0.048), respectively).
Conclusion
In mechanically ventilated patients with COPD, DSA can predict extubation success and failure by the same power, but swallowing assessment can predict extubation success more than failure. Moreover, combined DSA intolerance and defective swallowing increase the prediction of extubation failure by 31 times. Few studies have been done to evaluate DSA test and swallowing before extubation, so further studies in a wide scale are recommended to support the results of the current study.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
